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doi:10.1016/j.ejvs.2011.01.007Abstract Objectives and design: Traumatic thoracic aortic injuries are serious and may be
associated with high morbidity and mortality. Endovascular stent grafting is now an established
treatment option which often requires proximal landing zone extension through left subclavian
artery (LSA) origin coverage. This in turn can lead to downstream ischaemic complications
which may be lessened by LSA revascularisation. This study investigates the consequence of
LSA coverage and potential benefit of revascularisation.
Materials and methods: Systematic literature review of studies between 1997 and 2010 iden-
tified 94 studies incorporating 1704 patients. Chronological trends in LSA management practice
for trauma were sought. Designated outcomes of interest were prevalences of left arm
ischaemia, stroke, spinal cord ischaemia, endoleak, stent migration, need for additional
procedure and mortality. These outcomes were compared in patients with and without LSA
coverage (taking account of the degree of coverage). The impact of revascularisation on these
outcomes was also explored. Statistical analysis included examination with Chi-Square or
Fisher’s tests as appropriate.
Results: Isolated total LSA coverage without revascularisation increases the prevalence of left
arm ischaemia [prevalence of 4.06% versus 0.0% (p < 0.001)]; stroke [prevalence of 1.19%
versus 0.23% (p Z 0.025)]; and need for additional procedure [prevalence of 2.86% versus
0.86% (p Z 0.004). In contrast there were no reported cases of stroke, spinal cord ischaemia,education questions on this paper, please go to www.vasculareducation.com and click on ‘CME’
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the LSA territory was revascularised, again no cases of left arm ischaemia, stroke, spinal cord
ischaemia, endoleak, or mortality were reported.
Conclusion: Current evidence suggests that LSA coverage in patients undergoing endovascular
stent grafting of the thoracic aorta for trauma should be avoided where possible to avoid
ensuing downstream ischaemic complications. When coverage is anatomically necessary,
partial coverage is better than complete in terms of avoiding these complications and revas-
cularisation may be considered, however these decisions must be made in the context of
the individual patient scenario.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Blunt aortic injury is the second highest cause of post-
traumatic death, with the highest mortality occurring early
in the first few hours after injury.1,2 More than 80% with
such trauma die on the accident scene.3 Thirty percent of
those surviving the initial insult go on to die at the hospital,
with a third of these patients dying before definitive
surgical treatment.4,5
Injury is often associated with rapid deceleration in road
traffic accidents or falls, with patients suffering severe
multiple trauma including cranio-cerebral trauma, thoracic
contusion and rib fractures, intra-abdominal bleeding and
bone fractures. Unlike the survivors of penetrating thoracic
injuries, patients who sustain blunt aortic injury present
with multiple associated injuries, which not only complicate
but can also make early surgical intervention unfeasible.
Blunt aortic injury often occurs in the peri-isthmic
region of the thoracic aorta, in close proximity to the lig-
amentum arteriosum and just distal to the origin of the left
subclavian artery (LSA).6,7 The nature of injury involves
shearing or bending stresses, affecting the relatively mobile
aortic arch in relation to the fixed descending aorta.810
Endovascular stent grafting has provided a less-invasive
alternative to open surgical repair for thoracic aortic
pathology. Endovascular treatment for aortic disorders was
first described by Parodi et al. with the use of a stent graft
to treat an abdominal aortic aneurysm, whilst Volodos et al.
first described thoracic endovascular stent grafting in
1991,11,12 with this minimally invasive technique being
especially suitable in high-risk patients with co-morbidities
and poly-trauma. Dake et al. were the first group to report
on post-traumatic thoracic aorta stent grafting in 1994 with
good success.13 Stent grafting of the thoracic aorta ideally
requires proximal landing zones distal to the LSA and
proximal to the mesenteric vessels. There are increasing
reports of the use of the aortic arch proximal to the LSA to
provide additional length for the proximal landing zone,
consequently covering the LSA. This coverage has previ-
ously been shown to cause ischaemic complications, such as
left arm ischaemia, stroke and spinal cord ischaemia.1416
Conversely, successful coverage has been described
without the development of such complications.14 Revas-
cularisation of the LSA with either transposition or bypass
from the carotid artery has been shown to prevent or treat
these complications.17
This article aims to: (1) study the prevalence of
outcomes in endovascular stent grafting of the thoracic
aorta following trauma, assessing the impact of coverage of
the LSA and furthermore revascularisation of the LSA,
(2) investigate impact of ‘full’ coverage versus ‘partial’coverage on the outcomes and (3) identify any chronolog-
ical trend in the practice of LSA management in patients
with thoracic aortic trauma.
Materials and Methods
Literature search
The literature search was performed using a predetermined
protocol. MEDLINE, Ovid, Embase, Cochrane and the UK
National Library for Health databases were searched for all
relevant studies up to and including March 2010, using the
following MeSH search headings: ‘accidents, traffic’ AND
‘aorta, thoracic/injuries’ OR ‘aorta, thoracic/surgery’ OR
subclavian artery/surgery’ AND ‘complications’ OR ‘intra-
operative complications’ OR ‘postoperative complications’.
All abstracts resulting from the search were screened. The
search was then extended by using the ‘related articles’
function and screening the reference list of thosemanuscripts
identified in the initial search. All full texts were closely
reviewed for eligibility to generate the final group of studies.
Data extraction
Two reviewers extracted data from each study according to
a predefined protocol. Data extracted included first author;
year of publication; study design; number of patients
studied; patient population demographics; trauma score
used; mechanism of trauma; preoperative investigations;
anatomy of aortic trauma (‘isthmus’/’non-isthmus’); aortic
dimensions; number of LSA covered separated into ‘full’
and ‘partial’; number of LSA revascularised separated into
‘transposition’ and ‘bypass’; stent graft manufacturer,
number and dimensions; complications without LSA
coverage; complications with LSA coverage with and
without revascularisation; and complications of LSA
coverage with ‘full’ and ‘partial’ coverage (Table 1).
Inclusion and exclusion criteria
All studies reporting endovascular stenting for thoracic
aortic injury following trauma were included. This was
inclusive of all studies reporting LSA coverage with or
without revascularisation from which the defined outcomes
were extractable.
We excluded all studies in which the defined outcomes
were not extractable, were not specifically described for
traumatic cases, there was a patient population of less than
Table 1 Definitions of important terms.
Full coverage is defined as complete occlusion of the LSA ostium by the landing placement of the endovascular stent graft.
Partial coverage is defined as either incomplete coverage of the LSA ostium or the use of a fenestrated stent graft with
openings in the graft material, enabling the proximal sealing portion of the graft to be placed further upstream and the
fenestrations being at the exact origins of the targeted vessels.
Revascularisation is defined as extra-anatomical re-routing of the LSA with subclavian-carotid transposition or bypass.
Figure 1 Search strategy.
760 A.H. Sepehripour et al.five cases, there was an overlap of the data previously
described by the same or a different group and the study
was not published in English.
Outcomes
Outcomes included left arm ischaemia (defined as critical
arm ischaemia or symptoms of claudication but not an
asymptomatic reduction in blood pressure in the left arm);
stroke; spinal cord ischaemia (including paraplegia
and paraparesis); endoleak (types IeIV); stent migration;
the need for additional procedure (either further endo-
vascular procedure, conversion to open procedure or later
endovascular or open procedure); non-procedural mortality
(30-day mortality of any cause); and procedural mortality
(30-day mortality specifically related to the aortic injury or
endovascular procedure).
Statistical analysis
Data were classified into three paired groups as follows: no
LSA coverage and ‘any’ (partial or full) LSA coverage;
partial LSA coverage and full LSA coverage; and ‘any’ LSA
coverage with and without revascularisation.
Statistical analysis was carried out using chi-square test
with Yates’ correction or Fisher’s two-tailed test (where
prevalence was <5) comparing the total prevalence of
outcomes of the above groups.
The tests were performed using the epidemiological
software COMPARE Version 1.42 (Epidemiological Perspec-
tives & Innovations, 2004) and statistical significance was
achieved at p  0.05.
Results
The initial MeSH terms search generated 163 studies. A
further 2548 studies were identified by expanding the search
using the reference lists from these studies and using the
‘related articles’ search function. Of these studies, 94 were
found to fulfil our inclusion criteria175051e110 (Fig. 1). The
full texts of this final study group were reviewed and data
were extracted as per our protocol. Demographic, trauma
and stent graft data of the final study group are presented in
Table 2. Of the total 1704 patients, the LSA was covered in
25% and revascularised in 8%. Subgroup analysis that analyses
the degree of LSA coverage, demonstrated full coverage in
76% and partial coverage in 18%.
No LSA coverage versus LSA coverage (Fig. 2)
Comparison of the outcomes demonstrated a significantly
increased prevalence of left arm ischaemia, stroke and theneed for an additional procedure in the LSA coverage group
(p < 0.001; p Z 0.025; p Z 0.004, respectively).In the
cases of LSA coverage where the LSA was revascularised,
there were no observed cases of left arm ischaemia, stroke,
spinal cord ischaemia, endoleak or mortality. Overall, there
were 21 cases of non-procedural mortality and two cases of
procedural mortality in the uncovered group in comparison
to two cases of non-procedural mortality and one case of
procedural mortality in the LSA coverage group.
LSA partial coverage versus LSA full coverage
(Fig. 2)
Whilst there were no statistically significant differences
between these groups, there were no reported cases of
stroke, spinal cord ischaemia, endoleak, stent migration or
mortality with partial coverage of the LSA. There was one
reported case of left arm ischaemia and one report of a need
for an additional procedure. Noteworthy prevalence of
outcomes in the full coverage group were of left arm
ischaemia (2.84%, nZ 9), endoleak (1.26%, nZ 4), the need
for an additional procedure (2.21%,nZ 7) andmortality (two
non-procedural, 0.63%; one procedural, 0.32%).
Table 2 Characteristics of included studies.
Study Year n Mean age
(range)
Mechanism
of injury
Trauma Score
(range)
Anatomy
of injury
LSA covered LSA
revascularised
Stent graft length
mean (range) mm
Stent graft diameter
mean (range) mm
Kato22 1997 10 56 (35e71) 6 RTA, 1Fall,
3 other
NS 9 Isthmus,
1 Non-isthmus
2 (Full) 1 (Transposition) 92 (40e140) 28 (24e36)
Rousseau19 1999 9 37 (14e76) 9 RTA NS 9 Isthmus 7 (1 Full) 1 NS (80e100) NS (22e34)
Brandt23 2001 6 45 (20e67) 5 RTA,
1 Crush injury
NS NS 1 (Full) NS NS NS
Fujikawa24 2001 6 49 (24e79) 3 RTA,
2 Fall, 1 other
ISS mean 35.8
(26e45)
6 Isthmus 0 0 89.3 (75e140) 31.4 (30e34)
Bortone25 2002 10 33 (20e48) NS 4 patients ASA IV NS 1 (Full) 1 (Bypass) 146.7 (100e200) 30.4 (28e37)
Czermak26 2002 7 41 (19e81) NS 3 patients ASAIV,
4 patients ASA III
7 Isthmus 5 (4 Full) 0 88.6 (50e130) 28 (24e42)
Thompson27 2002 5 58 (39e74) 5 RTA ISS mean 51.8
(43e59)
NS 0 0 100 (100e100) 34.4 (34e35)
Lachat38 2002 12 48 (NS) NS 9 patients ASA IV NS 4 (Partial) 0 140 (70e150) 33 (20e36)
Orend39 2002 11 34 (12e73) NS NS 11 Isthmus 1 (Full) 1 (Transposition) NS (100e150) NS (16e34)
Fattori20 2002 19 39 (24e66) 17 RTA,
1 Fall, 1 other
NS 19 Isthmus 6 (Partial) NS NS (102e800) NS (26e28)
Daenen30 2003 7 47 (18e74) NS NS 7 Isthmus 3 (2 Full) 1 (Bypass) NS 23.5 (20e27)
Karmy-Jones31 2003 11 NS 11 RTA NS NS 0 0 47.7 (30e100) 26 (14e41)
Orend32 2003 18 NS 2 RTA,
others NS
NS 12 Isthmus,
6 Non-isthmus
18 (Full) 1 (Transposition) NS NS
Ramaiah33 2003 5 NS 5 RTA ISS mean 51.8 NS 0 0 NS NS
Sunder-
Plassmann34
2003 15 71 (NS) NS NS NS 5 (Full) NS NS 40 (NS)
Marty-Ane35 2003 9 52 (23e78) 9 RTA NS NS 1 (Full) 0 NS NS
Orford36 2003 9 52 (26e91) 8 RTA, 1 other NS NS 2 (Partial) NS NS NS
Kasirajan37 2003 5 38 (NS) 4 RTA, 1 other ISS mean 42 NS 4 (Full) 0 NS NS
Kato38 2004 6 35 (18e57) 3 RTA, 3 Fall NS NS 0 0 92 (58e100) 23 (18e26)
Demers39 2004 15 54 (30e72) 14 RTA, 1 other NS NS 2 (Full) 2 (Bypass) NS NS
Bortone40 2004 24 31 (NS) NS 9 patients ASA IV,
7 patients ASA III
NS 2 (Full) 2 (Bypass) NS NS
Leurs41 2004 50 46 (13e76) NS NS NS 15 (Full) NS NS NS
Morishita42 2004 7 NS NS 4 patients ASA III NS NS NS 140 (NS) 33 (NS)
Scheinert43 2004 10 39 (18e51) NS ISS mean 25.4 NS NS NS NS NS (24e34)
Wellons44 2004 9 25 (16e42) 9 RTA NS NS 0 0 NS 25 (20e28)
Ott45 2004 6 45 (21e70) 6 RTA ISS median 46 6 Isthmus 6 (Full) NS NS NS (22e34)
Melnitchouk46 2004 15 45 (20e68) NS EUROSCORE 6.7 15 Isthmus 5 (Partial) 0 106.9 (60e150) 29.9 (20e36)
Dunham47 2004 16 34 (12e81) NS ISS mean 36.9
(16e58)
NS 7 (Full) NS NS NS
Amabile48 2004 9 32 (NS) NS NS 9 Isthmus 2 (Partial) NS 119.2 (75e132) 25.3 (22e28)
Neuhauser49 2004 13 39 (19e82) NS NS NS 8 (5 Full) NS NS NS
(continued on next page)
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Table 2 (continued)
Study Year n
Mean age
(range)
Mechanism
of injury
Trauma Score
(range)
Anatomy
of injury LSA covered
LSA
revascularised
Stent graft length
mean (range) mm
Stent graft diameter
mean (range) mm
Lawlor50 2005 7 NS NS ISS mean 36 7 Isthmus 6 (Full) 1 (Transposition) NS NS
Rousseau51 2005 29 37 (NS) 29 RTA ISS mean 35 29 Isthmus 6 (Full) 0 NS (80e100) NS (24e36)
Doss52 2005 7 NS NS NS NS 7 (Full) NS NS NS
Peterson53 2005 11 43 (20e73) 10 RTA, 1 Fall ISS mean 43 (25e66) NS 1 (Full) 1 (Transposition) NS NS
Riesenman54 2005 9 NS 7 RTA, 2 other NS NS NS NS NS NS
Pacini55 2005 15 NS NS NS NS 5 (Partial) 0 NS NS
Cook56 2006 19 NS NS NS NS 0 0 NS NS
Broux57 2006 13 46 (NS) NS GCS mean 12 13 Isthmus NS NS NS NS
Agostinelli58 2006 15 42 (22e69) 14 RTA, 1 fall NS NS 2 (Partial) NS NS NS
Amabile59 2006 13 34 (19e72) NS NS NS 2 (Full) 1 (Bypass) NS NS
Kwok60 2006 8 NS NS NS NS 0 0 NS NS
Stampfl61 2006 5 47 (20e74) NS ISS mean 53.2 (34e59) NS 2 (Partial) NS NS NS
Reed62 2006 13 55 (19e78) NS ISS mean 40 (25e75) NS 0 0 NS NS
Piffaretti63 2006 8 NS NS NS NS NS NS NS NS
Patel64 2006 7 NS NS NS NS NS NS NS NS
Lebl65 2006 7 59 (NS) NS ISS mean 35.1 NS 0 0 NS NS
Fattori66 2006 85 NS NS NS NS NS NS NS NS
Di Tommaso67 2006 7 NS 2 Crush injury,
others NS
NS NS NS NS NS NS
Caronno68 2006 7 NS NS ISS mean 42.7 (4e75)
GCS mean 8
7 Isthmus 7 (Full) NS NS NS
Peterson17 2006 14 NS NS NS NS 6 (Full) NS NS NS
Tehrani69 2006 30 43 (20e82) 29 RTA, 1 Fall ISS mean 42 (25e66) NS 4 (Full) 4 (Transposition) NS NS
Pratesi70 2006 11 48 (NS) 11 RTA NS 11 Isthmus 0 0 NS 34 (NS)
Marcheix71 2006 33 40 (16e75) NS ISS mean 40.2 (13e57) 33 Isthmus 9 (Full) NS 97.2 (70e130) 28.4 (24e40)
Andrassy72 2006 24 41 (19e80) 22 RTA, 1 Fall,
1 other
NS NS 5 (Full) 2 (Transposition) NS NS
Ferrari73 2006 18 41 (NS) NS NS 18 Isthmus 4 (Full) 1 (Bypass) NS NS
Hoornweg74 2006 28 41 (NS) 24 RTA, 3 Fall,
1 Crush injury
ISS mean 37.1 NS 9 (Full) NS NS NS
Fattori75 2007 51 41 (19e66) NS NS NS 8 (Full) 2 28 (22e40) NS
Orend76 2007 34 44 (12e79) NS NS NS 23 (22 Full) NS NS NS (20e34)
Steingruber77 2007 22 39 (16e82) 14 RTA, 1 Fall,
7 other
16 patients ASA IV,
6 patients ASA III
19 Isthmus,
3 Non-isthmus
20 (6 Full) NS NS (50e130) NS (18e42)
Neschis78 2007 20 40 (17e88) 18 RTA, 2 Fall ISS mean 41.1 NS 6 (2 Full) NS 90 (45e150) 24.7 (23e34)
Bent79 2007 13 43 (16e84) 12 RTA, 1 Fall NS NS 8 (4 Full) NS NS (100e200) NS (24e38)
Saratzis80 2007 9 30 (19e37) 9 RTA NS NS 2 (Full) NS NS NS
McPhee81 2007 8 31 (18e54) 8RTA ISS mean 43.5 (24e75) NS 4 (Partial) NS NS (37.5e102) NS (26e38)
Attia82 2007 11 37 (19e72) 11 RTA NS 11 Isthmus 0 0 NS NS (22e30)
Buth83 2007 67 NS NS NS NS NS NS NS NS
Dialetto84 2007 8 NS NS NS NS NS NS NS NS
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Go85 2007 10 44 (20e84) 7 RTA, 1 Fall,
2 other
NS 10 Isthmus 2 (Full) 0 NS (30e150) NS (26e30)
Khoynezhad86 2007 12 NS NS NS NS NS NS NS NS
Kokotsakis87 2007 22 26 (19e76) NS ISS mean 48.8 NS 2 (Full) NS NS NS
Midgley88 2007 12 44 (NS) NS ISS mean 37.9 NS 8 (Full) NS NS NS (22e44)
Riesenman89 2007 14 41 (NS) 11 RTA, 3 Fall ISS mean 38 12 Isthmus,
2 Non-isthmus
1 (Full) 0 NS NS
Rodriquez90 2007 11 47 (16e74) 11 RTA NS NS 0 0 NS NS
Thompson91 2007 21 39 (NS) NS NS NS 14 (Full) NS NS NS
Zipfel92 2007 31 37 (15e81) NS NS NS NS NS NS 35.2 (20e46)
Brett Reece93 2007 7 NS NS NS NS NS NS NS NS
Tespili94 2007 17 28 (NS) NS NS NS NS NS NS NS
Livi95 2007 13 46 (26e77) NS NS NS 0 0 NS NS
Raupach96 2007 10 40 (17e54) NS ISS mean 40.5
(15e50)
10 Isthmus 0 0 NS NS
Demetriades97 2008 125 42 (NS) 108 RTA,
10 Fall, 7 other
ISS mean 39.4 NS 4 (Full) 2 (Bypass) NS NS
Yamaguchi98 2008 9 46 (19e70) 8 RTA, 1 Fall ISS mean 42.3 7 Isthmus,
2 Non-isthmus
3 (Full) NS 135.1 (NS) 32.4 (28e34)
Rosenthal99 2008 31 31 (15e61) 31 RTA ISS mean 40 NS 0 0 NS NS
Pitton100 2008 9 32 (18e49) NS NS NS 7 (2 Full) NS NS NS
Botta101 2008 27 37 (19e54) NS NS NS 4 (2 Full) NS 126.5 (NS) NS
Canaud102 2008 27 40 (19e78) NS NS 27 Isthmus 3 (Full) 3 (Transposition) 101.3 (100e150) 27.3 (18e40)
Yamane103 2008 14 40 (17e82) NS ISS mean 36 NS 4 (Full) NS NS NS
Mohan104 2008 16 30 (17e75) 16 RTA ISS median 33
(29e66)
NS 4 (1 Full) NS 100 (100e180) 28 (24e34)
Alsac105 2008 28 45 (NS) 17 RTA,
11 Fall
ISS mean 49.3 NS 13 (Full) 1 (Transposition) 135.2 (NS) 28.4 (NS)
Buz21 2008 39 36 (15e82) 39 RTA/Fall ISS median 41
(13e66)
NS 20 (Full) 5 (Bypass) NS (100e150) NS (28e42)
Feezor106 2009 22 34 (NS) NS ISS mean 33
(13e45)
NS 21 (Full) 1 (Bypass) NS 26 (20e34)
Kurimoto18 2009 13 56 (30e83) 8 RTA,
4 Fall, 1 other
ISS mean 33.5
(25e66)
13 Isthmus 12 (4 Full) 0 NS 30.5 (24e36)
Neschis107 2009 43 44 (17e88) 39 RTA,
3 Fall, 1 other
ISS mean 41
(16e75)
NS 11 (6 Full) 0 85 (50e150) 25.8 (23e34)
Urgnani108 2009 20 29 (18e45) 16 RTA, 4 Fall ISS mean 46
(29e66)
18 Isthmus,
2 Non-isthmus
8 (Full) 0 117 (90e170) 28 (22e32)
Cambria109 2009 20 51 (NS) NS ISS mean 36.1
(1e75)
NS 17 (4 Full) 0 NS NS
(continued on next page)
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764 A.H. Sepehripour et al.LSA revascularisation versus no LSA
revascularisation (Fig. 2)
There were no statistically significant differences between
these groups; however, in all the literature in the cases
where the LSA was covered and revascularised, there were
no reports of left arm ischaemia, stroke, spinal cord
ischaemia, endoleak or mortality. There was one reported
case of stent migration and one report of a need for an
additional procedure. Noteworthy prevalence of outcomes
in the non-revascularised group were of left arm ischaemia
(4.16%, n Z 16), endoleak (1.56%, n Z 6), the need for an
additional procedure (2.6%, n Z 10) and non-procedural
mortality (1.04%, n Z 4). There was no procedural
mortality reported in this group.
Discussion
There is a high rate of mortality associated with blunt
aortic trauma both before and after surgical intervention.
Survivors of such trauma require early surgery despite their
multiple associated injuries. The minimally invasive nature
of endovascular stent grafting has proved to be very suit-
able for these high-risk poly-trauma patients and has been
studied extensively. This procedure can be proven to be
quite anatomically challenging in the trauma patient, both
due to the proximity of the lesion to the isthmus and due to
the possibility of an acutely angulated distal aortic arch,
seen in younger patients.111 To overcome these problems
and to provide an adequate seal zone, landing zones have
been extended to reach proximal to the origin of the LSA,
consequently covering the artery. This compromises left
upper limb blood supply as well as the vertebral artery,
which may have a critical role in the circulation to the
posterior cerebral lobe, brainstem, cerebellum and
spine.112 There have been conflicting reports of the
ischaemic complications resulting from this coverage,1416
and although surgical revascularisation in the form of
either transposition or bypass has been shown to prevent or
treat such complications, there is no general consensus
regarding the appropriate management of the LSA in this
scenario.17
Our findings in this study have shown that in the context
of endovascular stent grafting in blunt aortic trauma
coverage of the LSA results in an increased prevalence of
left arm ischaemia, stroke and the need for an additional
procedure. Interestingly, there was a non-significant
reduction in the prevalence of the endoleak and non-
procedural mortality in cases where the LSA was covered
and this is something that requires further investigation.
Comparison of LSA coverage with and without revascular-
isation surprisingly demonstrated no statistically significant
differences; however, there were no recorded cases of left
arm ischaemia, stroke, spinal cord ischaemia, endoleak or
mortality when the LSA was revascularised, emphasising
the significant impact of the revascularisation procedure.
We have also demonstrated that the extent of LSA
coverage has an impact on the complication profile. In the
cases where the LSA was only partially covered, with or
without revascularisation, there were no reported cases of
stroke, spinal cord ischaemia, endoleak, stent migration or
Figure 2 Comparison of outcomes of different management options.
Management of the Left Subclavian Artery during Endovascular Stent Grafting for Traumatic Aortic Injury 765mortality. This supports the concept of using the aortic arch
as the proximal landing zone for a fenestrated graft,
preserving the brachiocephalic and left common carotid
arteries.18 Kurimoto et al. demonstrated no neurological
complications including strokes and spinal cord ischaemia
in their cohort of trauma patients using fenestrated stent
graft without revascularisation of the LSA.18
Time trend analysis of LSA coverage and revascularisa-
tion between 1997 and 2009 shows continuous variation.
The highest rates of LSA coverage occurred in 1999 at 78%,
described solely by Rousseau et al.19 Using almost exclu-
sively ‘home-made’ fenestrated stent grafts and revascu-
larising one patient post-coverage, they reported no
mortality or significant morbidity during follow-up. Despite
these promising results, the rate of coverage and revascu-
larisation subsequently decreased. LSA coverage peaked
again at 40% in 2003 following publication of successful
results by Fattori et al.20 amongst others. The former used
only partial coverage of the LSA and besides one late
presentation of endoleak reported, all patients were
asymptomatic at follow-up. The rate of revascularisation
however did not match the rise in coverage. The latest peak
in coverage rate occurred in 2009 at 48% but with only 1.3%
of these being revascularised. This followed full coverage
of the LSA in 20 patients, and pre-coverage revascularisa-
tion in one by Buz et al.21 This variation in practice reflects
the lack of a consensus for LSA management in traumatic
aortic injury and shows reliance on recently published data.
There are several limitations to this study. One is the
lack of a substantial number of comparative studies looking
at the complications of LSA coverage and revascularisation.There are also, of course, no randomised control trials
analysing the above-mentioned relationship, meaning that
only level-IV evidence is available.
There is also potential for significant clinical heteroge-
neity in this study due to the data being acquired from
numerous international centres involving different patient
demographics, operating techniques and skill levels.
Another limitation of this study is the lack of detailed
data pertaining to the specific subgroups such as full
coverage, partial coverage, revascularisation and no
revascularisation of the LSA. Many of the studies analysed
would report on the total prevalence of the outcomes of
interest with no specific or concise reference to the
subgroup in which these outcomes occurred. As a result,
there is a seeming discrepancy of numbers in our analysis,
where, whilst we have included and analysed the total
prevalence of the outcomes, we have omitted the equiv-
ocal reports not specifically attributed to the subgroups
from these sub-analyses.
A further limitation is the absence of a consensus on the
type of stenting for LSA management and formal revascu-
larisation guidelines, with mere recommendations that
revascularisation should be individualised and addressed
expectantly on the basis of anatomy, urgency and the
availability of surgical expertise.113 This has made the
procedure of revascularisation institutional-, surgeon- and
case-dependent. The timing of revascularisation in relation
to presentation is also uncertain which may skew the
outcomes of revascularisation. For example, if a patient
presents with left arm ischaemia directly as a result of the
aortic injury, they may undergo LSA revascularisation
766 A.H. Sepehripour et al.before the stent-grafting procedure, thereby influencing
the post-intervention prevalence of left arm ischaemia,
with uncertainty between persistent left arm ischaemia
and that of a complication of the intervention.
A final limitation was the absence of risk stratified or
adjusted for co-variate data, rendering multivariate anal-
ysis not possible.
Conclusions
Coverage of the LSA in endovascular stent grafting of the
thoracic aorta after trauma increases the prevalence of left
arm ischaemia, stroke and a need for further intervention.
Revascularisation of the LSA may contribute to reducing the
prevalence of these complications and despite a lack of
statistical significance, thus far there have been no recorded
cases of left arm ischaemia, stroke, spinal cord ischaemia,
endoleak or mortality where the LSA has been revascu-
larised. Partial or fenestrated coverage of the LSA, with or
without revascularisation, has also been shown to have
a profound impact on the complication profile of the stent-
grafting procedure, and whilst again lacking statistical
significance, there were no reported cases of stroke, spinal
cord ischaemia, endoleak, stentmigration ormortality in this
study. These findings highlight the need for further investi-
gation of the outcomes of partial or fenestrated coverage
and concurrent revascularisation of the LSA in order to
provide a robust and firm management consensus for endo-
vascular stent grafting in traumatic thoracic aortic injury.
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